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Abstract

Background: Aerobic exercise has been shown to decrease the functional disorders related to multiple sclerosis (MS). Neverthe-
less, the effect of aerobic exercise training on the cytokines and neuroprotective mediators associated with the disease activity has
remained relatively unknown.
Objectives: The present research was conducted to evaluate the responses of the vascular endothelial growth factor (VEGF) and
tumor necrosis factor-alpha (TNF-α) to single-bout and six-week aerobic exercise training in the patients with MS.
Methods: Totally, 20 subjects ((n = 10) patients with MS and (n = 10) controls) who were matched in terms of gender, weight, body
mass, and age were included in the study. Participants received aerobic exercise training at approximately 60% of VO2max in 30-min
sessions 3 times a week for six weeks. Serum concentrations of the VEGF and TNF-αwere analyzed pre- and post-exercise training (in
the first session and after 18 sessions of the study).
Results: Serum concentration of the TNF-α decreased significantly after a single bout and 6-week aerobic exercise training (P =
0.002 and P = 0.005) in the intervention group. Serum concentration of the VEGF increased significantly only after exercise in the
first and 18th sessions in the intervention group (P = 0.017 and P = 0.022).
Conclusions: Our results revealed that exercise may influence the VEGF regulation in patients with MS. Although, further research
is needed to determine the effect of exercise on the immune variables in patients with MS.
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1. Background

Multiple sclerosis (MS) is a chronic inflammatory de-
myelinating disease of the brain and spinal cord charac-
terized by various forms of inflammation, axonal, and de-
myelination damage. Cytokines have a critical role in the
development of MS and are considered an important fac-
tor in the treatment interventions. Tumor necrosis factor-
alpha (TNF-α) plays an outstanding role in the progression
of demyelination and axonal loss endured by the patients
with MS (1). In addition, TNF-α is made by various cells,
containing immune cells and neurons. There is a great
body of evidence representing the role of TNF-α in MS. For
instance, augmented amounts of TNF-α have been found
in the lesions present in the central nervous system (CNS)
as well as in the serum of patients with MS. Augmented
concentrations of TNF-α are also associated with the inten-
sity and development of the disease. These robust find-
ings have been reinforced by the effective treatment plan
of blocking TNF-α in mouse models of MS (2). Vascular en-

dothelial growth factor (VEGF) is involved in the migration,
proliferation and matrix degradation, creation of vascular
network as well as formation and release of nitric oxide
(NO) in the endothelial cells. Angiogenesis is mediated by
a number of molecules that can be considered in emerg-
ing treatments for the patients with MS. Apparently, angio-
genesis is needed in response to an augmented demand for
the nutrients and oxygen for impaired neural cells and ren-
ovation of the cells in the plaques. Thus, angiogenesis is
useless during chronic MS because of axonal activity, repair
of cell disparity, and cellular irregularities resulting in the
vasoconstriction of newly formed blood vessels and hin-
dering the blood flow. Therefore, studies on the trophic fac-
tors that stimulate angiogenesis in the brain can be valu-
able (3). Another prospective candidate suggested to medi-
ate the effects of exercise on the brain is VEGF (4). Addition-
ally, VEGF contributes to initiating the hippocampal neu-
rogenesis and angiogenesis; once peripheral VEGF is hin-
dered, neurogenesis is also inhibited unexpectedly post-
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exercise (5). To the best of our knowledge, VEGF response
to exercise has not been investigated in patients with MS
so far. Therefore, further study is needed in this regard to
clarify that whether exercise can improve the neurogene-
sis factors in patients with MS.

Aerobic exercise has been revealed to adjust the im-
munological responses during the production of the cy-
tokines in short-term sessions of exercise in healthy peo-
ple (6). Given the health benefits related to consistent
physical activity, additional research is needed to interpret
the effect of exercise on immune responses in MS. It has
been suggested that the immediate discharge of cytokines
through short-term exercise can lead to the preservation
of a homeostatic immune setting (7). Moreover, numerous
proteins secreted in response to cytokine changes are in-
hibitors or free-radical hunters that decrease body lesions
by stimulated neutrophils (7). Accordingly, a distinct ses-
sion of exercise is a moderate corporeal stimulator that
applies a pattern of special effects on the immune frame-
works (8, 9). The effect of physical activity on inflammatory
conditions in the patients with MS stays unresolved with
various consequences. Particularly, previous studies have
shown that after participation in physical activity train-
ing program, serum pro-inflammatory cytokine levels re-
main unchanged (9, 10) are reduce (11), and increase (12)
in patients with MS. Previous documents have proposed
that exercise pressure and training grade could have im-
munomodulatory effects; however, these results need to
be verified. Further study is required to entirely determine
the effect of exercise training on immune condition in pa-
tients with MS.

2. Objectives

Consequently, the primary objective of this research is
to investigate the VEGF and TNF-α responses to acute and
chronic exercise in the patients with MS due to the impor-
tant role of TNF-α and VEGF in the pathogenesis of MS. So,
the following hypothesis was put forth: Aerobic exercise re-
duces the serum concentration of TNF-α and increases the
serum concentration of VEGF in the patients with MS.

3. Methods

3.1. Participants

Twenty subjects with clinically diagnosed relapsing-
remitting MS (RRMS) in accordance with the 2010 McDon-
ald’s criteria (13), who were safe and had slight to mild
defect [Expanded Disability Status scale (EDSS) score of 0
- 4] were recruited in this study. Participants diagnosed
with cardiovascular diseases, diabetes, a history of alco-
hol abuse, using steroid treatment in the last 2 months,

and musculoskeletal problems were excluded from the
present study (14). Furthermore, participants who had ex-
perienced a relapse or were unable to complete the whole
30-min cycle ergometer test were also excluded.

This single-blinded randomized controlled trial study
was approved by the local Ethics Committee of Tarbiat
Modares University and was registered in the Iranian Reg-
istry of Clinical Trials (IRCT) with certification number of
IRCT20090203001637N5. A detailed explanation about the
procedures of the study was given to all the subjects, and
informed written consent was obtained from all of them
prior to participating in the study.

3.2. Experimental Design

Subjects were randomly divided into two groups: con-
trol or non-exercise group (n = 10) and aerobic training
treatment group (n = 10). Subjects were also matched in
terms of gender, body mass index (BMI), and age in both
control and treatment groups. The treatment included a
six-week aerobic training plan in which the participants
practiced on a bicycle three times a week for 30 minutes
at 60% (VO2max). Every exercise session involved a 5-min
warm-up at a self- determined convenient workload pur-
sued by 30 minutes of cycling at 60% of VO2max (three
days/week). A six-week training plan was designated to
obtain an appropriate provocation to change the cardio-
vascular capability, neuroprotection, and immunomodu-
lation in patients with MS (15).

3.3. Graded Exercise Testing

Subjects referred to the test center for assessment at
an identical hour of the day (8 - 10 AM) and subsequently
avoided performing exercise, and consuming foods or al-
cohol for the past 12 hours. Participants were acquainted
with the testing apparatus and simultaneously completed
a Graded Exercise testing (GXT). Then, the GXT was started
with 5 min warmup (desired RPM and workload), pur-
sued by a 5 - 20 Watt raise in the intensity each lasting
for two minutes as far as the subject attained a restricted
maximum sign or 85% of predictable maximal heart rate
terminus. Blood pressure and heart rate were measured
throughout the assessment. Results obtained from the
GXT were considered to manage the personal training
workloads during the study (16). In each training session,
the level of the resistance cycle ergometer was increased to
reach the target intensity in order to achieve the progres-
sive exercise protocol.

3.4. Outcome Measures

3.4.1. Blood Sampling and Assessment

Blood samples (6 mL) were collected from the subjects
before and immediately after the first and 18th sessions of
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training for the treatment and control groups. These ses-
sions were arranged at the same time for all the partici-
pants (8:30 to 9:30 AM) to handle the circadian rhythm of
the assessed biological factors. Plasma samples were in-
stantly centrifuged at 3000 g for 15 min at 4°C and then
were stored at -80°C for subsequent analyses. Samples
were instantly centrifuged at 3000 g for 15 min at 4°C and
later, were kept at -80°C for further analyses. Serum con-
centrations of the VEGF and TNF -αwere determined by the
enzyme-linked immunosorbent assay (ELISA) kits accord-
ing to the manufacturer’s instructions. The VEGF level was
measured by the ZellBio GmbH kit (Ulm, Germany). Also,
the TNF-α level was determined by the Diaclone kit (Besan-
con, France). The intra-assay coefficient of variation for the
VEGF and TNF-αwas equal to 6.9 and 5.8%, correspondingly,
arranged by the manufacturer. The special sensitivities of
VEGF and TNF-α were equal to 10 ng/mL and 8 pg/mL, re-
spectively, as provided by the manufacturer.

3.5. Statistical Analysis

The Shapiro-Wilk test showed that the data were nor-
mally distributed in both groups (P = 0.7). Significance
level was accepted at P < 0.05 and the data were analyzed
using the independent t-test followed by the post hoc Bon-
ferroni correction for the baseline group differences in the
demographic data. Repeated measures Analysis of Vari-
ance (ANOVA) was used in each group to measure VEGF and
TNF-α before and immediately after the first and 18th ses-
sions in both groups (control vs. aerobic training group).
Mixed ANOVA and post hoc tests were used to assess the
interaction effects of time (before and immediately after
the first and 18th sessions) as within-subject factors and
groups (control vs. aerobic training group) as the between-
subject factor on TNF-α and VEGF. All the statistical analy-
ses were performed using the SPSS 24 software. All the data
were presented as means ± SD.

4. Results

The baseline demographic data (age, BMI, gender, EDSS
score, and baseline blood factor) were similar in the two
study groups and no significant differences were found be-
tween the groups (P > 0.05) (Table 1).

4.1. VEGF Concentration in the Serum

The results showed that the effect of time (F = 14.77 and
P = 0.001) was significant, but the effect of group factor was
not significant (F = 2.38 and P = 0.14). Also, the interaction
effect between time and group showed significant changes
(F = 17.33 and P = 0.001). Independent t-test showed that the
mean serum concentration of VEGF was not significantly
different between the two groups before the intervention

at the first session (t(18) = 0.33 and P = 0.7). No significant
difference was found in the serum concentration of VEGF
in the control group at different times (t(18) = 0.34 and P =
0.7). The amount of VEGF increased significantly after ex-
ercise in the first and 18th sessions in the exercise group in
comparison with the control group t(18) = 2.61, (P = 0.017),
t(18) = 2.51, (P = 0.022). However, there was no significant
change in the serum concentration of VEGF before the ex-
ercise in the first and 18th sessions (t (18) = 0.41 and P = 0.6),
(Figure 1).
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Figure 1. Evaluation of mean VEGF between two groups of exercise and control. *,
indicates significant differences (P < 0.05) between the exercised and control group.
Data are expressed as mean ± standard deviation.

4.2. TNF-α Concentration in the Serum

The results showed that the effect of time (F = 21.99 and
P = 0.0001), group (F=19.07 and P = 0.0001), and the inter-
action effect between time and group were significant (F =
21.70 and P = 0.0001). Independent t-test showed that the
mean serum concentration of TNF-α was not significantly
different between the two groups before the intervention
in the first session (t(18) = 0.07 and P = 0.9). No significant
difference was found in the serum concentration of TNF-
α in the control group at different times (t(18) = 0.06 and
P = 0.8). Pairwise comparison of mean serum concentra-
tion of TNF-α between two groups in the first session after
the exercise showed that the amount of TNF-α in the exer-
cise group was considerably lower than that of the control
group (t(18) = 3.6 and P = 0.002). In the 18th session, the
amount of TNF-α decreased significantly before and after
the intervention in the treatment group compared to the
control group (P = 0.004 and P = 0.003). Also, a significant
decrease was found in the TNF-α level before the exercise in
the first and 18th sessions (t(18) = 3.5 and P = 0.004), (Figure
2).
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Table 1. Demographic, Clinical and Biological Characteristics of Multiple Sclerosis Patients in Exercise and Control Groupsa

Exercised (N = 10) Control (N = 10) P Value t(18)

Age 28.9 ± 3.3 28.5 ± 2.9 0.7 0.28

BMI 24.4 ± 1.4 24.3 ± 1.2 0.9 0.09

EDSS 2.2 ± 0.4 2.6 ± 0.5 0.7 0.18

VEGF, ng/mL 2140 ± 645 2063 ± 339 0.7 0.33

TNF-α, pg/mL 19.06 ± 4.3 19.07 ± 1.8 0.9 0.07

Gender (M/F), n 4/6 4/6 1 0.00

aValues are expressed as mean ± SD.
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Figure 2. Comparison of mean TNF-α between two groups of exercise and control.
*, indicates significant differences (P < 0.05) between exercised and control groups.
Data are expressed as mean ± standard deviation

5. Discussion

There are limited clinical researches regarding the ef-
fect of exercise training on the production of cytokines in
the patients with MS. Exercise has been introduced as a
factor that raises the circulation of immune cells, causing
physiological signaling and participation in the neuropro-
tection and plasticity of the nervous system (9). Our results
showed that exercise training can influence the TNF-α and
VEGF concentrations. This study is the first study investi-
gating the VEGF responses to exercise in patients with MS.
Aerobic exercises can influence the angiogenesis process
by increasing the expression of angiogenic factors such as
VEGF as well as decreasing the expression of angiostatic fac-
tors like endostatin (17, 18). The results showed that the
VEGF level increased after a single bout of exercise but re-
mained unchanged after 6 weeks. There are controversial
findings regarding the effect of exercise on serum concen-
tration of VEGF. Van Craenenbroeck et al. (19), have shown
that serum concentration of VEGF was increased follow-

ing intensive exercise by cycle ergometer in healthy sub-
jects. However, Suhr et al. (20), have reported no change
in the serum concentration of VEGF after short-term high-
intensity cycling exercise in healthy subjects. The differ-
ence in the results probably can be ascribed to training
variables (intensity, duration, type of physical exercise)
and subject’s status (age, fitness, and body composition)
(17, 20, 21). The acute increase in the serum concentra-
tion of VEGF in our study may be attributed to hypoxia,
shear stress, muscle contraction, and tension (22), while
the unchanged level of VEGF following exercise training
may be due to VEGF binding to the receptors on endothe-
lial cells stimulating the angiogenesis in the muscles (19).
It has been reported that VEGF transcription level in skele-
tal muscle is the most essential factor in the regulation
of serum concentration of VEGF (20). As a molecule that
generally promotes proliferation, migration, and tube for-
mation of the endothelial cells, VEGF is the main stimulus
of angiogenesis. In the chronic stages of MS, VEGF has a
neuroprotective role and promotes the proliferation and
survival of neural cells. The VEGF level decreases in the
patients with MS and animals with Experimental Autoim-
mune Encephalomyelitis (EAE) (21).

Results of the present study showed that 6-week exer-
cise training caused a significant reduction in the TNF-α
level. Previous researches have demonstrated unreliable
outcomes regarding the effect of training on TNF-α level
in patients with MS. For example, Castellano et al., (12) and
Deckx et al. (23), have reported a rise and a reduction in the
TNF-α level, correspondingly. On the contrary, Alvarenga-
Filho et al. (24), and Kjolhede et al. (25), have indicated no
variation after the training program. These differences in
the results might imply the pleiotropic role of TNF-α (12,
25). Herein, the TNF-a response was measured after the sin-
gle session of exercise. Our results showed that TNF-α level
decreased significantly post-exercise, which is consistent
with previous findings (12, 25). Our results are not consis-
tent with the study by Heesen et al. (15), who stated aug-
mented TNF-α level immediately after the exercise (30 min
of cycle ergometer at 60% VO2peak). However, previous re-
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ports have shown the detrimental effect of TNF-α on the
myelin sheath and blood-brain barrier, and (26) TNF-α level
is associated with the remission of the disease and stimu-
lates the remyelination (27). This effect likely results from
the conflicting properties of TNF-receptors: p75 with neu-
roprotection part or p55 with apoptotic part (28). TNF-α
involves an extensive range of biological purposes and is
the main factor influencing the pathogenesis of chronic in-
flammation and autoimmune syndromes. Therefore, anti-
TNF therapies have been developed for the treatment of
autoimmune and inflammatory diseases (29). Numerous
clinical researches have suggested the significant role of
TNF in MS. Patients with chronic progressive MS have been
shown to have elevated TNF levels in the cerebrospinal
fluid (CSF) and active lesions. The TNF level is associated
with the presence and grade of disability in patients with
MS (30).

Previous studies have shown that these methods of aer-
obic exercise cause an appropriate provocation to change
cardiovascular capability and immunomodulation in pa-
tients with MS (15). A cycling trial is a low-impact exercise
that uses smooth activities to reinforce the joints and mus-
cles without putting great force on them. Furthermore, it
is safer than outdoor cycling. Outdoor cycling would be a
good approach to exercise, but it is accompanied by defi-
nite dangers, such as careless drivers, bumpy or slippery
street surfaces, and hot weather (31). Designing this exer-
cise is easy for the patients as well as therapists. Individuals
can easily simulate such a practice at home by learning to
estimate the maximum heart rate according to their age.

5.1. Study Limitations

There were some limitations to this study. Firstly, the
concentrations of VEGF and TNF-αwere not determined in
the CSF concurrently pre- and post-exercise, and it would
be worthy to compare the concentrations of VEGF and TNF-
α in both CSF and serum simultaneously in the future re-
search. Secondly, to the best of our knowledge, this study
is the first exercise intervention study on MS that investi-
gated the VEGF level and our results highlight the need for
further studies on this factor with larger sample sizes.

5.2. Conclusions

There is incomplete evidence on the effect of training
on the immune responses that has been reported to influ-
ence the disease condition in the RRMS. Our results sug-
gested that a single bout of exercise reduces the amount
of TNF-α and increases the amount of VEGF in the patients
with MS, a decrease was also observed in the baseline TNF-
α level after six weeks of training in the treatment group.
Accordingly, further research is required to obtain perfect

and inclusive results regarding the VEGF and TNF-α re-
sponses to aerobic exercise in MS and its associations on
disease condition.
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